Two opposite parity dipole bandlike structures DB I and DB II of 142 Eu are investigated by the Indian National Gamma Array (INGA), using the fusion evaporation reaction 31 P + 116 Cd @ 148 MeV. The decreasing trend as well as magnitude of the measured B(M 1) and B(E2) transition rates of the band DB II has been reproduced well within the shears mechanism with the principal axis cranking model calculations. This calculation reflects the fact that the maximum contribution of the angular momentum of the states in DB II has been generated from the magnetic rotation (MR) phenomenon. The enhanced B(E1) rates of the connecting E1 transitions from the states of DB II to DB I are demanding the octupole correlation due to the involvement of the octupole driving pair of orbitals πh 11/2 and πd 5/2 as evident from the quasiparticle alignment (ix), the experimental routhians (e ′ ) and the calculated neutron and proton quasiparticle energies against the rotational frequency (ω).
Two opposite parity dipole bandlike structures DB I and DB II of 142 Eu are investigated by the Indian National Gamma Array (INGA), using the fusion evaporation reaction 31 P + 116 Cd @ 148 MeV. The decreasing trend as well as magnitude of the measured B(M 1) and B(E2) transition rates of the band DB II has been reproduced well within the shears mechanism with the principal axis cranking model calculations. This calculation reflects the fact that the maximum contribution of the angular momentum of the states in DB II has been generated from the magnetic rotation (MR) phenomenon. The enhanced B(E1) rates of the connecting E1 transitions from the states of DB II to DB I are demanding the octupole correlation due to the involvement of the octupole driving pair of orbitals πh 11/2 and πd 5/2 as evident from the quasiparticle alignment (ix), the experimental routhians (e ′ ) and the calculated neutron and proton quasiparticle energies against the rotational frequency (ω).
Generation of angular momentum in weakly deformed nuclei is long standing debate. These nuclei are expected to be spherical at lower excitation energies and spin which can be interpreted quantitatively on the basis of spherical shell model calculations. At higher excitation energies, multi particle configuration along with its small deformation plays an important role in determining the level structures for these nuclei. Transitional nuclei in mass A ∼ 140 region are crucial laboratory to observe the interesting nuclear structure phenomena and to test variety of nuclear models. Due to the proximity of the spherical shell closures and competing shape (prolate and oblate) driving effects of the high-j orbital near the proton and neutron Fermi levels several novel phenomena, like shape co-existence, shears mechanism, octupole correlation, chiral symmetry breaking etc are expected in the excited spectrum of these nuclei [1] [2] [3] .
Among these magnetic rotation is more common phenomena for generating angular momnetum in weakly deformed nuclei. During the last three decades, regular sequence of rotational-like bands consisting of stretched dipole transitions (M1) have been observed for several weakly deformed nuclei near shell closure in different mass regions and proposed as shears mechanism [2, 3] . These bands came to be known as magnetic rotational * Electronic address: asimananda.goswami@saha.ac.in (MR) band in which the high-j valence particles and holes coupled to generates angular momentum.
Breaking of rotational symmetry results the rather common phenomena quadrupole deformation. Octupole moment is the next relevant after quadrupole and it characterized by the breaking of the reflection symmetry under space inversion. With respect to the quadrupole deformation the number of permanent octupole deformation is very few. Though, interaction between the orbitals of near the Fermi surface which differ by three units of angular momenta, leading to a sequence of interleaved states of opposite parity. Typically, this situation occurs when Fermi level is found between intruder subshell (l, j) and normal parity sub-shell (l − 3, j − 3) [4] . The dynamical correlation between this sub-shell results the connection of enhanced E1 transitions between the sequences of interleaved states of negative and positive parity called octupole correlation.
The weakly deformed nuclei in mass ∼ 140 region has vacancy of proton in d 5/2 orbital and vacancy of neutron in the intruder orbital h 11/2 . The neutron holes are restricted to this orbital, but the proton can be easily excited to the intruder orbital h 11/2 across the Z = 64 sub-shell closure. The interaction between d 5/2 and h 11/2 orbitals of the proton sector near the Fermi surface may leads the band of interleaved states of negative and positive parity connected by E1 transitions. Also, the presence of particles and holes in high j orbital mag-netic rotational band can also be observed as reported in other nuclei in this mass region [5] [6] [7] [8] [9] [10] . This opens up the possibility of observing of two extreme mode of excitation mechanism in the vicinity of Z = 64 sub-shell closure. The 142 Eu nucleus has one proton hole in d 5/2 and three neutron holes in h 11/2 orbital is on of the possible candidate for observing above mentioned characteristics. So, in this mass region 142 Eu is studied for the quest of observing the coupling between two extreme excitation mode which may leads connection between two modes.
The structure of interest in 142 Eu nucleus has been populated through the fusion evaporation reaction of the 31 P as projectile with the lead (14.5 mg/cm 2 ) backed 116 Cd (99% enriched) target having thickness 2.4 mg/cm 2 . The 148 MeV 31 P beam was obtained from the 14UD Pelletron Linac facility at TIFR, Mumbai. The purpose of using the Pb baking was to ensure that all residual nuclei, moves with initial velocity v 0 ∼ 2% of c, populated in this reaction have been stopped inside the target-backing combination. The de-exciting γ rays were detected by the Indian National Gamma Array (INGA) which was consisted of nineteen Comptonsuppressed clover detectors at the time of experiment. The detectors were arranged in six different rings, with four detectors at 90
• and each three at 40
• , and 157
• with respect to the beam direction. In offline mode, the time-stamped data has been sorted into usual coincident events based on the mapping of the digital data acquisition (DDAQ) channels to different crystals of the detectors of the INGA set up [11, 12] using the multi-parameter time-stamped based coincidence search program (MARCOS) developed at the TIFR, Mumbai. The MARCOS program was used to find out the energy and efficiency calibrations of the clover detectors in the array in which the target has been replaced by the radioactive sources 152 Eu and 133 Ba. The collected two and higher-fold coincidence events (4.0 × 10 9 ) were sorted into several symmetric and asymmetric E γ -E γ matrices and E γ -E γ -E γ cube which were analyzed subsequently with the help of the RADWARE and the INGASORT software packages [13] [14] [15] . Details of the experiment and data-analysis procedures have been described in Refs. [6, 7, 9] .
In the 142 Eu nucleus, M. Piiparinen et al. [16] had identified two structures; one has positive parity whereas other one is of negative parity. The negative parity structure was found to populate to the several levels of the positive parity states via the γ transitions among which most of them have E1 multipolarity. At lower spin positive parity states were found favourable whereas negative parity states were started to exhibit in the level structure at and above the I π = 12 − . Though, Piiparinen et al. had explored the positive parity band (dipole) structure above 13
+ state the lower excited states were scared of such structural sequence. We have rearranged the γ transitions de-exciting these states and a band-like structure, labelled as DB I, starting from 10 + to 21 + has been established as shown in Fig. 1 . Two newly observed γ- The previously observed dipole transitions of energy 126.7, 140.4, 184.5, 218.4, 394.3, 425.4, 540.7 and 562.0-keV in the negative parity sequence have been confirmed in the present study and therefore, the band-like structure has been assigned as DB II (Fig. 1 (22) respectively, which were well agreement with the E2 nature of these cross-over transitions. M. Piiparinen et al. had observed five E1 1487.2, 1384.8, 941.6, 620.3, 646.6-keV transitions through which the negative parity dipole band DB II decays to the positive parity band DB I [16] . In the present work a survey of these transitions has been performed and subsequent confirmation has been made through the spectroscopic measurements. Moreover, four new connecting transitions of energy 610.2, 491.0, 539.1 and 295.6-keV have been observed for higher spin states between the aforementioned bands from the coincidence analysis and placed them accordingly (Fig. 1) . The R θ values for these transition are 0.73(5), 0.68(7), 0.59(6) and 0.52(10) respectively, confirmed their E1 character. Measured R DCO and P values of these transitions also in support of their E1 nature.
The level lifetime of the states in the bands DB I and DB II has been extracted by fitting the observed Dopplerbroadened lineshapes of the de-exciting γ transitions using the Doppler Shift Attenuation Method (DSAM). The LINESHAPE [17] [18] [19] package has been used to simulate the trajectories of the residual nuclei ( 142 Eu) inside the target and backing medium. The simulated trajectories were then used to generate velocity profiles of the residual nuclei (
142 Eu) for the clover detectors at different angles by assuming that the response of a composite clover detector was identical to a single crystal high-purity germanium (HPGe) detector with the dimension same as the dimension of the former placed at the same distance. The validity of this assumption was checked by analyzing the Doppler shapes obtained from a single crystal of a particular clover detector in the array [9] and comparing the lifetime results with that obtained from using the clover.
The level lifetimes have been obtained from the simultaneously fitting of experimental shape observed in the background-subtracted gated spectra of the angle dependent (65
• , 90
• and 140
• ) E γ -E γ asymmetric matrices. The spectra at 90
• are very crucial for identifying the contaminant peak in the shape region. The gates have been set on the transitions below the band of interest which requires to consider the side-feeding contribution.
The side feeding has been modeled with a cascade of five transitions having the same moment of inertia as that of the band under consideration [18] . Initially, starting from the topmost transition, the members of the band have been sequentially fitted. After having fitted all the transitions of the band, sequentially, a global leastsquares minimization has been carried out for all the transitions of the cascade simultaneously, wherein only the transition quadrupole moments and the side-feeding quadrupole moments for each state have been kept as free parameters. To find out the effect of side-feeding on the evaluated lifetimes, we vary the side-feeding intensities between two extreme values (taking the corresponding uncertainties in intensities into account). The effect of variation in the side-feeding intensity resulted in a change in the level lifetime by less than 10% [6, 7] . Finally, lifetimes were extracted by fitting the calculated line shape with the experimental spectra for minimum χ 2 and in the vicinity of this minimum value the uncertainties in the lifetimes are determined from the MINOS subroutine of the LINESHAPE program and it is not included systematic errors from the uncertainty in the stopping power, which can be as large as 15%.
Doppler-broadened line shapes are observed for the transitions decaying from the states starting from the I Table I .
The excited states up to the 11 + state in 142 Eu was previously assigned as the member of the two quasiparticle configuration πh 1 11/2 ⊗ νh −1 11/2 . To assign the configurations of the observed bands DB I and DB II, we have calculated the kinetic moment of inertia (j 1 ), the quasiparticle alignment (i x ) and the experimental routhians (e ′ ) as shown in Figs. 3 (a) and (b) [20] . It should be noted that both of the dipole bands DB I and DB II crosses at frequency ∼ 0.30 MeV and both of them have an alignment gain ∼ 8 with respect to the lower spin states, as shown in Figs. 3 (a) and (b) . Such alignment may be due to the second crossing of h 11/2 orbital of the proton or the neutron as the first crossing is blocked in 142 Eu. To understand the observed crossing we have calculated the neutron and the proton quasiparticle energies against the rotational frequency (ω) at typical values of the deformation parameters β 2 = 0.15, β 4 = 0.02 and γ = +40
• as shown in Figs. 4 (a) and (b) . The calculations show that the neutron quasiparticle crossing for the h 11/2 orbital occurs at rotational energy ( ω) of ∼ 0.50 MeV while proton quasipaticle crosses at a rotational energy of ∼ 0.30 MeV. Therefore, observed experimental crossing at a rotational energy of ∼ 0.30 MeV may be due to the second crossing of the h 11/2 proton orbital for the bands. This conclusively establish the origin of the positive parity dipole band DB I as coupling of the two aligned h 11/2 proton quasiparticles with the two quasiparticles (πh 
2283-keV 12
− level ensure the coupling of odd number (at least one) of quasiparticles in the h 11/2 orbital with the d 5/2 /g 7/2 orbital to generate the angular momentum of the states. It is evident from the calculated proton and neutron quasiparticles that the observed experimental alignment gain (∼ 8 ) at the rotational frequency ( ω) ∼ 0.30 MeV (Fig. 3) is due to the crossing of the protons h 11/2 orbital not for the neutrons in the h 11/2 orbital, as shown in the Figs. 4 (a) and (b). For this reason, the πh (Table I and Fig. 5 ). This characteristic decrease of the transition rates (Fig. 5 ) in DB II is hinted to the fact that the maximum contribution of the total angular momentum of the band DB II may be originated from the shears mechanism [2, 3] . To explore the intrinsic character of the band DB II the theoretical calculations within the framework of the shears mechanism with principle axis cranking model (SPAC) [7, 8, 10, 21] have been performed using the configuration πh 11/2 . The SPAC model calculations have been elaborated in details in Refs. [7, 9] . The total routhian surface calculations show that this configuration produces oblate deformation (β 2 ∼ -0.15) for the 142 Eu nucleus. For oblate deformed shape and the normal initial alignment scheme of the SPAC model prefer the alignment of the holes and particles along the rotational axis and the symmetry (deformation) axis, respectively. Under these conditions, the energy of the states and the transition probabilities are calculated with particle and hole angular momenta, j 1 = 10 and j 2 = 8 , respectively. Under these condition the experimental B(M 1) and B(E2) values with spin and angular momentum with rotational frequency (ω) are well reproduced within the SPAC model calculations as illustrated in Fig. 5 . The successful representation of the decreasing trend of experimental B(M 1) and B(E2) values with spin as well as the behaviour of ω therein is strongly indicative of the fact that the maximum contribution to the angular momentum of the states constituting DB I is originated from the shears mechanism.
The negative parity structure DB II has been depopulated to the positive parity structure (DB I) through several strong electric dipole (E1) transitions having large B(E1) rates as depicted in Table I [24] , where octupole correlation has been observed. Such a proposition would exist for the dipole band DB II which has been generated due to the promotion of the proton (d 5/2 /g 7/2 ) particle to the h 11/2 orbital. This indicates that a dynamical octupole correlation between the d 5/2 and h 11/2 orbitals of protons near the Fermi surface in 142 Eu would exists as evident from the observed strong E1 connecting transitions between the DB I and DB II. This is the first experimental observation of octupole correlation in weakly deformed nuclei throughout the nuclear chart. In the present case E1 transitions become weaker with increasing spin as evident from the Table I which imply the reduction of strength of the octupole correlation along the band DB II. This observation also leads to the unique observation of coupling between two extreme mode of generation of angular momentum i.e. shears mechanism and octupole correlation in a single nuclei.
In summary, the intrinsic structure of two opposite parity dipole bands DB I and DB II in 142 Eu has been investigated using the fusion evaporation reaction 116 Cd( 31 P,5n). The positive parity structure has been originated due to the alignment of the an extra pair of protons in h 11/2 with respect to the low spin structure (at and below the 11 + state) as supported by the TRS calculations. This calculations give strong support of the promotion of an odd proton to the h 11/2 orbital from the (g 7/2 /d 7/2 ) core for generation of the negative parity band DB II. The dipole bands DB I and DB II have been assigned as the πh 11/2 band (DB I) have been observed in this nucleus, indicating that the corresponding orbitals πh 11/2 and πd 5/2 form an octupole driving pair. The deduced B(E1) values indicate enhancement of octupole correlation in this nucleus similar to that reported for some of the Xe, Cs, Ba and Br isotopes [22] [23] [24] [25] .
